Study Design. Retrospective analysis of patients undergoing elective lumbar fusion operations, comparing rates of repeat spine surgery based on method of ascertainment. Objective. We report the accuracy of a claims-based approach for reporting repeat surgery compared with medical records abstraction as the ''gold standard.'' Summary of Background Data. Previous studies have reported the validity of a claims-based algorithm for grouping patients by surgical indication and classifying operative features, but their accuracy in measuring surgical quality indicators has not been widely examined. Methods. We identified a subset of patients undergoing elective lumbar fusion operations at a single institution from 1996 to 2011, excluding those with spinal fracture, spinal cord injury, or cancer. From the medical record we abstracted the incidence of repeat spine operation or rehospitalization at 1 year. We crossclassified each event record with its corresponding value derived from claims. The sensitivity and specificity of the claims-based approach were calculated for reoperation within 30, 90, and 365 days, and all-cause hospital readmission within 30 days. Results. Medical records linked to claims data were obtained for 520 patients undergoing elective lumbar fusion. Reoperation rates based on chart review were 1.0%, 1.3%, 3.6%, compared with 0.8%, 1.7%, and 3.8% based on the final claims methods at 30, 90, and 365 days, respectively. The claims-based algorithm had sensitivities of 80.0%, 100%, and 94.1% and specificities of 100%, 99.6%, 99.2% for repeat surgery within 30, 90, and 365 days, respectively. The sensitivity for all-cause readmission was 50%. Conclusion. Health care quality improvement efforts often rely on administrative data to report surgical safety. We found that claims-based ascertainment of safety at a single institution was very accurate. However, accuracy depended on careful attention to the timing of outcomes, as well as the definitions and coding of repeat surgery, including how orthopedic device removal codes are classified. Key words: chart review, claims data, claims-based algorithm, lumbar fusion, lumbar spine, outcomes, readmission, reoperation, retrospective study, sensitivity, spine surgery. Level of Evidence: 3 Spine 2017;42:682-691 C laims data have been used to report trends in procedure rates, costs, and outcomes for spinal surgery in a more efficient manner than using manual chart review. [1] [2] [3] [4] Several studies have shown a claimsbased algorithm to reliably classify spine surgery indication and type of procedure. 5, 6 Kazberouk et al 5 reported the sensitivity of a hierarchical claims-based algorithm for classifying surgical indication of greater than 75%. One advantage of a claims-based approach is that it can be used to examine a large number of admissions in a relatively generalizable and systemic method.
C laims data have been used to report trends in procedure rates, costs, and outcomes for spinal surgery in a more efficient manner than using manual chart review. [1] [2] [3] [4] Several studies have shown a claimsbased algorithm to reliably classify spine surgery indication and type of procedure. 5, 6 Kazberouk et al 5 reported the sensitivity of a hierarchical claims-based algorithm for classifying surgical indication of greater than 75%. One advantage of a claims-based approach is that it can be used to examine a large number of admissions in a relatively generalizable and systemic method.
While claims-based algorithms appear to be useful for classifying surgical indications, their accuracy in measuring surgical quality indicators, such as reoperation and all-cause readmission, has not been widely examined. Reoperation rates following lumbar fusion surgery have been reported to be as high as 21.5% over an 11-year period. 7 Given the importance that surgeons and patients place on reoperation rates, it is important to have an efficient way to monitor and systematically report these outcomes in order to identify trends and isolate risk factors that can help preventative efforts. 8 While claims-based risk models have been used to measure surgical site infections in patients undergoing a total hip or knee replacement, development, and validation of claims-based safety indicators (e.g., reoperations, re-admissions, etc.) for use in spinal surgery have lagged behind. 4 From the Ã Geisel School of Medicine at Dartmouth, Hanover, NH; and y Dartmouth-Hitchcock Medical Center, Lebanon, NH.
We assessed the validity of a claims-based algorithm for identifying surgical quality indicators, focusing primarily on repeat spine surgery and all-cause readmission following lumbar fusion operations. We further sought to reveal factors that helped explain reasons why claims-based algorithms might lead to misclassification.
METHODS AND MATERIALS Patient Selection and Data Source
We retrospectively reviewed medical records of patients undergoing lumbar spinal fusion operations at a single institution, and linked them to administrative data containing diagnosis and procedure codes from the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) and the Current Procedural Terminology (CPT). We selected patients undergoing lumbar fusion, with or without decompression, for disc degeneration, disc herniation, spinal stenosis, spondylolisthesis, or scoliosis (Table 1 ) from an Orthopedic Surgery department of a single hospital from 1996 to 2011. We excluded those with spinal fracture, spinal cord injury, spinal infection, or cancer. For all patients meeting the inclusion criteria, we examined hospital claims data and patient charts for analysis.
Classification and Chart Review
Our primary focus was on evaluating repeat spine surgery, but noted the validity of surgical indications as well. The quality indicators that were abstracted during the chart review focused on reoperations and readmissions for reasons such as device complication, wound infection, and life-threatening complication. Only reoperations that were not initially planned were counted as true reoperations in this study. For example, planned electric bone stimulator removal surgeries were not counted as reoperations.
We applied a previously published claims-based algorithm to characterize spinal operations by surgical indication, procedure, and operative features based on ICD-9-CM diagnosis and CPT procedure codes. 5 Then, successive claims were linked for the same patient over time in order to calculate repeat surgery and readmission at 30, 90, and 365 days.
Statistical Analysis
We cross-classified the claims-derived indicator for repeat spine surgery to its corresponding measure obtained from the chart review, considered our ''gold standard.'' Similar 2 Â 2 cross-classification tables were reported for all-cause readmission and each of the surgical indications. We reported the sensitivity and specificity of the claims-based approach to chart review for: (1) surgical indications, (2) reoperation within 30, 90, and 365 days, and (3) all-cause rehospitalization within 30 days.
Sensitivity refers to the proportion of patients in the chart review who had a complication that the algorithm correctly classified as having the complication. Specificity refers to the proportion of patients who did not have a complication based on chart review that were correctly classified as not having a complication by the claims-algorithm.
Descriptive information from discordant cases was explored to identify patterns that prompted us to make changes aimed at improving the validity of the claims approach. The final ICD-9CM and CPT algorithm is presented in Table 2 . Discordant cases were examined to identify possible factors leading to changes in sensitivity of the claims-based algorithm.
RESULTS
After exclusions, claims were obtained for 520 patients undergoing elective lumbar fusion operations, including 54 (10%) with disc degeneration, 54 (10%) with disc herniation, 78 (15%) with spinal stenosis, and 2319 (61%) with degenerative spondylolisthesis or scoliosis. The mean age of the cohort at the time of the surgery was 55.3 years, with 221 (42.5%) males and 299 (57.5%) females.
Reoperation rates based on chart review were 1.0%, 1.3%, 3.6%, compared with 0.8%, 1.7%, and 3.8% based on claims methods at 30, 90, and 365 days, respectively. Claims-based algorithm had sensitivities of 80.0%, 100%, and 94.1% and specificities of 100%, 99.6%, 99.2% for classifying reoperation within 30, 90, and 365 days, respectively (Table 3) . These values are based on the performance of the claims-based algorithm after incorporating modifications from the initial analysis through an iterative review of discordant cases. The initial analysis and modification of the algorithm are described below.
Initial discordance between the chart and claims data for reoperation was due to whether wound complications and removal of bone growth stimulators were counted in the chart abstraction as being a reoperation. We examined the 1-year surveillance data to look for patterns of discordance, since it includes the other two subgroups (30 and 90 days). We initially found a total of 15 discordant cases that were recorded as reoperations within 1 year in the chart review, but not in claims data. Seven of these 15 cases were due to the classification of an incision and drainage (I&D) for a wound infection as a reoperation during the chart review, but were not captured as a reoperation in the claims-based approach. A possible explanation for this discordance is that the chart review accounts for all I&Ds, including those done in an ambulatory setting, while the claims data only accounted for I&Ds that required a hospital admission. Additionally, there were a total of 11 discordant cases for which a reoperation was identified in the claims data, but not in the chart review. Five of these 11 discordant cases had an electrical bone stimulating device removal procedure within a year of the original operation, which was not included as part of the chart review definition of a reoperation. The chart review did not include electrical bone stimulating device removal as a reoperation since they were a planned procedure that typically takes place 6 to 12 months after the initial operation.
Overall the initial analysis showed that the definition of incision and drainage procedures for wound infections and electrical bone stimulating device removal procedures accounted for a significant portion of the discordant case. We improved the accuracy of the claims-based algorithm by making five modifications:
Refining the consistency and timing for reporting outcomes: not counting reoperations during the initial Requiring postoperative ''events'' to involve at least one overnight stay in the hospital (important for wound problems).
Not requiring repeat spine operations to be explicitly coded with a spine diagnosis (this improves the sensitivity, but lowers the specificity-hence the remaining discordant cases had ''device problem'' codes that were related to a hip and knee procedures).
Not counting electrical bone stimulating device removal procedures as an ''event'' and removing its procedure code from the claims-based algorithm.
Not counting ''arthrodesis status'' as a repeat spine operation in the absence of other procedure codes.
These modifications helped to eliminate the ambiguity associated with the I&D procedures, addressed the issue of revision surgeries performed during the initial admission, and the issue of electrical bone stimulating device removal procedures being included as reoperations. After the modification was incorporated, the algorithm's sensitivity increased to 100% and 94.1% for reoperation within 90 and 365 days, respectively, while the specificity remained high. Not requiring the reoperations to be co-coded with a spine-specific diagnosis improved our ability to identify patients undergoing reoperation for orthopedic device removals, but also introduced some mis-classification from patients undergoing joint replacement revisions. It is clear that these modifications, which made the algorithm less restrictive, resulted in better model.
We also examined the accuracy of the algorithm for determining all-cause readmissions. For this category the chart review was only recorded for hospitalizations within 30 days of the initial operation. The sensitivity for all-cause readmission within 30 days was 50% while the specificity was 99.8% (Table 4 ). The claims-based algorithm showed the readmit rate to be 0.96% at 30 days, while the chart review showed a 1.5% readmission rate at 30 days. There were four discordant cases that indicated a readmission within 30 days in the chart review, but not in the claims data. Four discordant cases resulted from the claims-based approach failing to detect readmission that occurs within 30 days of the initial operation.
While our main focus was to examine the validity of claims-based methods for assessing surgical safety, we also validated surgical indications. The claims-based algorithm had a sensitivity of 72.2%, 81.5%, 39.7%, 92.1%, and 95% for degenerative disk disease, herniated disk, spinal stenosis, spondylolisthesis, and scoliosis, respectively (Table 5) .
DISCUSSION
We examined the validity of claims-based approaches for successfully identifying repeat spine surgery and all-cause hospitalizations following lumbar fusion operations, incorporating improvements based on detailed examination of discordant cases. The major modification made to the claimsbased algorithm after initial analysis refined the definitions of reoperation (timing, admission, etc.), especially with regard to wound infections requiring an incision and drainage as reoperations. The final algorithm shown in Table 2 demonstrated excellent validity for reporting repeat spine surgery. We also analyzed the validity of claims data for classifying surgical indications in relationship to other reports. The findings in this study were consistent with sensitivities reported by Kazberouk et al, 5 which also examined the accuracy of the algorithm for surgical indication. Both studies found that spinal stenosis was a surgical indication that is difficult to identify in claims, reflected by its lower sensitivity (32.7% in the Kazberouk et al 5 study and 39.7% in our study). In contrast, the spine patient outcomes research trial (SPORT) validation study found a much higher sensitivity of 88.1% for spinal stenosis. 6 The major differences between the two previous studies were that the SPORT comparison was among older patients who were rigorously evaluated to establish stenosis, while the Kazberouk et al 5 study generally involved a younger population without rigorous establishment of the clinical indication. Based on this, it would seem that a claimsbased identification of spinal stenosis is sensitive to patient age and extent of work-up.
Our study has several limitations. First, the study was confined to fusion operations performed at a single institution (dartmouth-hitchcock medical center), which restricts the generalizability of the findings. The study of relatively rare safety events further limited the ability to estimate the claimsbased methods with a high degree of precision. Second, the all-cause re-hospitalizations were not well characterized during the chart review, making it difficult to determine the reasons for discordance. Third, all-cause re-hospitalizations were only abstracted from the chart if they occurred within 30 days of the operation, since MedPAC considers this to be an important quality measure. While a high sensitivity of claims-based approaches for all-cause re-hospitalizations within 30 days is the ultimate goal, exploring the discordant cases within 1 year provided a larger dataset and allowed for better characterization of the variables resulting in the discordance.
Our study provides important insights into the parameters that influence the validity of the claims-based algorithm and provides evidence that it is possible to use such an algorithm to accurately measure surgical safety indicators. Future efforts should further characterize the reasons for re-hospitalization within 30 days of surgery and search for ways to improve the sensitivity of the algorithm. Expanding the validation studies to multiple institutions could improve the accuracy and generalizability of claims algorithms. Finally, it will also be important to evaluate effect of transition to the international statistical classification of diseases, 10th revision on the performance of the coding algorithm.
CONCLUSION
In summary, we evaluated the validity of a claims-based algorithm for identifying re-operations following lumbar fusion surgery using a systematic chart review as the gold standard. We found that the performance of the algorithm depended on how wound problems and removal of electronic bone stimulators were defined. Our final algorithm demonstrated high sensitivity and specificity, supporting the usefulness of claims data for population-based surveillance of safety indicators. However, even with the improvement in sensitivity, our study should be combined with other efforts in order to have sufficient statistical power to be confident in the reliability. Future efforts can be tailored to investigate other factors that were not explored in this study that could be impacting the validity of the claims-based algorithm.
Key Points
Health care quality improvement efforts often rely on administrative data to report surgical safety, but the accuracy of claims-based algorithms for detecting these safety measures has not been widely explored.
We found that a claims-based algorithm had sensitivities of 80.0%, 100%, and 94.1% and specificities of 100%, 99.6%, 99.2% for repeat surgery within 30, 90, and 365 days, respectively. The claims-based ascertainment of safety at a single institution was very accurate, but this accuracy depended on careful attention to the timing of outcomes and the definitions and coding of repeat surgery, particularly how orthopedic device removal codes are classified.
